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s (54) Title: CONTROL OF FRAME TIMING ON HANDOVER 




(57) Abstract: The uplink transmission timing 
from a mobile communications device is defined 
with reference to the downlink reception timing 
of signals from a particular reference cell. When 
that reference cell is removed from the active set, 
there is defined a virtual rtfeience cell, the tim- 
ing of which is defined with reference to one or 
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mor e o f t he cells remainmg in t he ac t ive s e t. 
that the timing of this new virtual reference cell 
corresponds to the timing of the previous refer- 
ence cell. The timing of the uplink transmission 
from the user equipment are then defined with 
reference to the new virtual reference cell, in the 
conventional way. This has the advantage that, 
following a soft handover, it is not necessary to 
adjust the timing of uplink transmissions from 
the user equipment. 
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CONTROL OF FRAME TIMING ON HAOT)OVER 

. Technical Field of the Invention 

5 This invention relates to a mobile contmiinications 
system, and in particular to a method of controlling 
the timing of frames defined for data receipt and 
transmission in a mobile commxinications device. Other 
aspects of the invention relate to the mobile 
10 communications device itself, and to the network which 
implements the method. 

BACKGROUND OF THE INVENTION 

15 In the proposed Universal Mobile Telephony System 

(UMTS) , defined by the standards published by the 3rd 
Generation Partnership Project (3GPP) , a mobile device, 
or user element UE, can establish links with several 
cells in the cellular radio network, 

20 

The data received by the user equipment from each of 
the cells is transmitted in frames on respective 

downlink channel s 4 — The frame s in the re s pective 

downlink channels are not synchronized with each other. 
25 Moreover, because of possible movement of the user 
equipment relative to the base stations in the 
different cells, the timing of each downlink frame, 
relative to the other received downlink frames, can 
change - 

30 

The user equipment transmits data in frames on uplink 
channels to the base stations in the cells with which 
the user equipment has links. Thus, there is defined 
for the user equipment a transmission frame timing, 
35 which is common to all of the uplink channels. This 
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transmission frame timing is defined with reference to . 
the downlink frame timing of one of the active links. 

Thus, in the Technical Specification 3GPP TS 25.133 
5 V3.8.0, section 7, and the associated test case at 
section A. 7, there is described a method for defining 
the timing of the. uplink transmission frame. 
Specifically, in the case where there is a single 
active link, the uplink frame transmission takes place 
10 a time To (=1,024 chips) after the reception of the 
first detected path of the corresponding downlink 
frame . 

When the user equipment has one active link with a 

15 cell, its transmission frame timing is set with 

reference to the downlink frame timing of that cell, 
and the transmission frame timing is still defined with 
reference to the downlink frame timing of that first 
cell, even when a second cell is - added to the active 

20 set. However, in that case, when the first cell is 

removed from the active set, the uplink transmit timing 
is adjusted, at a defined adjustment rate, until the 

uplink frame transmission takes place To (=1,024 chips) 

after the reception of the first detected path of the 

25 downlink frame from the remaining active link. 

Thus, according to the published Technical . 
Specification, there is defined a reference cell, that 
is the cell with reference to which the uplink frame 
30 transmission is defined. When there are two active 
links, and the reference cell is removed from the 
active set, the remaining cell becomes the reference • 
cell . 

35 However, this does not indicate how the uplink frame 
transmission should be defined in the event of a soft 
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handover, when there are more than two active links, 
and the reference cell is removed from the active set. 

5 SUMMARY OF THE INVENTION 

According to the pxiblished Technical Specification, 
discussed above, the uplink transmission timing is 
defined with reference to the downlink reception timing 

10 of signals from a particular reference cell. When that 
reference cell is removed from the active set, the 
Technical Specification envisages that another cell 
from the active set be defined as the new reference 
cell, and that the uplink transmission timing should be 

15 adjusted so that it is defined with reference to the 
downlink reception timing from the new reference cell. 

However, large adjustments are undesirable, since they 
can have the effect that another active cell must be 

20 removed from the active set, because its transmissions 
no longer fall within the receiver window of the user 
equipment- On the other hand, choosing a new reference 
cell sin5)ly because it would require the smallest 
adjustment may also be undesirable because, if that 

25 cell were itself to be removed from the active set, it 
would then be necessary to choose another new reference 
cell . 

According to the present invention, therefore, there is 
30 defined a virtual reference cell, the timing of which 
is defined with reference to one or more of the cells 
remaining in the active set, such that the timing of 
this new virtual reference cell corresponds to the 
timing of the previous reference cell. The timing of 
35 the uplink transmissions from the user equipment are 
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then defined with reference to the new virtual 
reference cell, in the conventional way. 

This has the advantage that, following a soft handover, 
5 it is not necessary to adjust the timing of uplink 
transmissions from the user equipment . 



The virtual reference cell may be defined with 
reference to the active cell which first joined the 

10 active set, the cell whose downlink transmission timing 
most closely corresponds to the downlink transmission 
timing of the previous reference cell, or the cell from 
which the strongest signal is being received, or may be 
defined with reference to the average timing of all of 

15 the cells in the active set. 

According to another aspect of the present invention, 
there is provided user equipment which is able to 
define a virtual re::erence cell as described above, 
20 following a soft handover. 

It should be emphasised that the term 
^^comprises/comprising^^ when used in this specification 
is taken to specify the presence of stated features, 
25 integers, steps or coTt5)onents but does not preclude the 
presence or addition of one or more other features, 
integers, steps, components or groups thereof. 

BRIEF DESCRIPTION OF DRAWINGS 

30 

Figure 1 is a schematic representation of a part of a 
mobile communications network in accordance with an 
aspect of the invention. 
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Figure 2 is a block schematic diagram of a mobile 
coramxinications device in accordance with an aspect of 
the invention. 

5 Figure 3 is a timing diagram showing the relationship 
between uplink and downlink frame timing in accordance 
with the invention. 

Figure 4 is a flow chart illustrating a method in 
10 accordance with an aspect of the invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Figure 1 illustrates a part of a mobile communications 
15 network in accordance with the present invention. 

Specifically, Figure 1 shows a user equipment (UE) 10, 
which is moveable within a network of base station 
systems (BSS) 12, 14, 16, 18. The base station systems 
(BSS) 12, 14, 16, 18 have respective overlapping 
20 coverage areas, or cells. It will be obvious that the 
network contains more base station systems than the 
four shown in figure 1. Each of the base station 
systems 12, 14, 16, 18 has a respective connection (not 
shown in Figure 1) to a data communications network. 

25 

The invention is described herein with reference to the 
Universal Mobile Telephony Service (UMTS) , as defined 
by the 3rd Generation Partnership Project (3GPP) . 

30 In such a system, the user equipment 10 may have active 
radio links with more than one base station system. 
The base station systems with which the user ecjuipment 
has active radio links are defined as the active set. 
In use, for example as the user equipment moves further 

35 from or nearer to particular base station systems, some 
radio links may be lost, and new radio links may be set 
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up. This process of changing the membership of the 
active set is known as soft handover. 

Figure 2 is a schematic diagram of the relevant parts 
5 of the user equipment 10. It will be apparent that the 
user equipment 10 has many other features and functions 
which are not described herein, as they are not 
essential for an understanding of the present 
invention. The user equipment 10 takes the form of 

10 portable radio communication equipment, which may for 
example be a mobile telephone, or personal digital 
assistant (PDA) with wireless communication facility. 
The UE 10 has an antenna 22, which receives and 
transmits signals over the air interface to one or more 

15 of the base station systems in the network. Received 
signals are passed to transceiver (TRX) circuitry 24, 
and then to a processor 26. Conversely, signals for 
transmission are passed from the processor 26 to the 
transceiver circuitry 24, and then to the antenna 22. 

20 

The processor 26 is responsible for separating the 
wanted signals out from all of the received radio 
signals, and is also responsible for receiving the data 
which is to be transmitted, and converting it into a 
25 form which is suitable for transmission over the air 
interface . 

Figure 3 is a timing diagram, in which Figures 3(a) and 
3 (b) show the situation when the user equipment 10 has 
30 one active radio link. In that case, the user 

equipment sets the timing of a downlink frame 31, 
namely the frame timing of the detected downlink 
signals on the active radio link. 



35 



Figure 3(b) shows the uplink frame transmission timing. 
As is conventional, the uplink frame 32 begins To 
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(=1^024 chips) after the reception of the first 
detected path of the corresponding downlink frame 31. 



In use, for example as the user equipment moves 
5 relative to the base station with which it has the 
active radio link, it may be necessary to adjust the 
frame timings from one frame to the next. 

The start of the downlink frame 31 can be referred to 
10 as the received radio link timing, and this also 

defines a receiver window, which extends a fixed time 
(=148 chips) before and after the received radio link 
timing. Other radio links are only permitted if their 
respective received radio link timings are within this 
15 receiver window. 

Figure 3 (c) shows the situation when the user equipment 
has three radio links. The signals received on the 
three downlink chcnnels are received at different 

20 times, the respective downlink frame timings being 
illustrated by the reference numerals 33, 34, 35. 
Figure 3 (c) shows the relative timings of the three 
windows at one particular instant. However, as before, 
movement of the user equipment relative to the base 

25 stations can mean that these relative timings change in 



As described above with reference to Figure 3 (b) , the 
transmit frame 36 is defined with reference to one of 
30 the reception frames. In this case, the cell which has 
the downlink frame timing 33 is defined as the 
reference cell, and the transmitted frame 3 6 is set to 
start To (=1,024 chips) after the start of the received 
frame 33, as shown in Figure 3(d) . 



use. 



35 
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Also, the receiver window, within which the received 
frames of other active radio links must lie, is defined 
with reference to the start of the received frame 33. 

5 Figure 4 is a flow chart illustrating a method in 
accordance with the invention, and Figures 3 (e) and 
3(f) show the relative frame timings which are 
obtained. In step 41 of the process, it is determined 
within the user equipment whether the reference cell 

10 has been removed from the active set for that user 

equipment. If is has not, there is no change, and the 
process returns to the start. However, if the 
reference cell has been removed from the active set 
then, in accordance with the present invention, a new 

15 virtual reference cell is defined. 

Thus, in order to avoid the need to select a new 
reference cell from the remaining cells of the active 
set, and therefore the need to adjust the transmission 

20 frame timing and the timing of the receiver window, a 
virtual reference cell is defined. The virtual 
reference cell is a cell which is not used for 

reception or transmission of signals over the air 

interface, but which is used in determining the timing 

25 of transmissions. Specifically, as shown in Figure 

3 (e) , the virtual reference cell has a frame timing 37 
which corresponds exactly to the receiver frame timing 
33 of the previous reference cell, 

30 The timing of the virtual reference cell receiver frame 
37 is defined with reference to one of the remaining 
cells. In the case illustrated in Figure 3(e), the 
receiver frame timing 37 of the virtual reference cell 
is defined .as being a time X after the receiver frame 

35 timing 35 of one of the remaining cells. This 

remaining cell could be chosen because it has the 
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Strongest signal, or because it is the earliest 
received signal, or because it is the cell which is 
closest in time to the original reference cell. As an 
alternative, the timing of the new virtual reference 
5 cell could be determined relative to the average timing 
of the remaining cells. 

Then, as shown in Figure 3(f), the transmit frame 36 is 
defined with reference to the virtual reference cell 

10 reception frame 37. Because the virtual reference cell 
is chosen to have a timing which is the same as the 
previous reference cell, it is not necessary to make 
large adjustments to the timing of the transmission 
frame 36. This means that the transmission frame 

15 timing does not need to be adjusted, and therefore that 
the quality of the modulated signal received in the 
base station systems will be improved. It further 
means that the receiver window does not need to be 
adjusted, and therefore that there is no risk that 

20 useful radio links need to be removed from the active 
set because they no longer fall within the receiver 
window. 

Of course, it should be noted that it remains possible 
25 to make adjustments to the frame timings, for example 
because of frequency errors between the base station 
and the user equipment, or in order to compensate for 
movement of the user equipment relative to the base 
stations, but these adjustments are relatively small. 

30 

Once a virtual reference cell has been defined then, in 
step 43 of the process shown in Figure 4, it is tested 
whether the remaining cell, namely the cell with 
reference to which the virtual reference cell is 
35 defined, has been removed from the active set. 

Provided that the remaining cell remains in the active 
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set, no action is necessary. However, in the event 
that that remaining cell is removed from the active 
set, it is necessary to redefine the timing of the 
virtual reference cell, for example with reference to 
5 one of the other remaining cells,, or with reference to 
the average timing of all of the remaining cells. 

There is therefore described a system for defining a 
transmission frame timing in the event of a soft 
10 handover, without interrupting existing transmissions. 

As described above, the system is used when the soft 
handover removes a cell from the active set and a 
plurality of cells remain in the active set. However, 
15 the system in accordance with the invention can also be 
used by defining a virtual reference cell when one or 
more cells are removed from the active set and only one 
cell remains in the active set. 
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1. A method of defining an uplink transmission frame 
timing, for use in a mobile communications system in 
5 which a user equipment may have radio links with a 
plurality of cells, and in which the cells with which 
the user equipment has radio links define an active 
set, wherein the uplink transmission frame timing is 
defined with reference to the downlink transmission 
10 frame timing of a reference cell selected from said 
active set, 

the method comprising: 

when the reference cell is removed from the active 
set, defining a virtual reference cell, the timing of 
15 which is defined with reference to one or more of the 
cells remaining in the active set, such that the timing 
of the virtual reference cell corresponds to the timing 
of the previous reference cell; and 

defining the uplink transmission frame timing 
20 relative to the timing of the virtual reference cell. 

2. A method as claimed in claim 1, wherein the 
uplink transmission frame timing is defined to be a 
fixed time after the virtual reference cell timing. 

25 

3. A method as claimed in claim 2, for use in 
UMTS, wherein the uplink transmission frame timing is 
defined to be To (=1,024 chips) after the virtual 
reference cell timing. 

30 

4. A method as claimed in claim 1, wherein the 
virtual reference cell timing is defined with reference 
to the active cell which first joined the active set. 

35 5, A method as claimed in claim 1, wherein the 

virtual reference cell timing is defined with reference 
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to the active cell whose dov/nlink transmission timing 
most closely corresponds to the downlink transmission 
timing of the previous reference cell. 

5 6. A method as claimed in claim 1, wherein the 

virtual reference cell timing is defined with reference 
to the active cell from which the strongest signal is 
being received. 

10 7. A method as claimed in claim 1, wherein the 

virtual reference cell timing is defined with reference 
to the average timing of all of the cells in the active 
set . 

15 8. A mobile, communications device, for use in a 
mobile communications system in which a mobile 
communications device may have radio links with a 
plurality of cells, and in which the cells with which 
the device has radio links define an active set, 
20 wherein the device comprises means for defining an 

uplink transmission frame timing with reference to the 
downlink transmission frame timing of a reference cell 

selected from said active set, and 

wherein the device is adapted, when the reference 
25 cell is removed from the active set, to: 

define a virtual, reference cell, the timing of 
which is defined with reference to one or more of the 
cells remaining in the active set, such that the timing 
of the virtual reference cell coirresponds to the timing 
30 of the previous reference cell; and to 

define the uplink transmission frame timing 
relative to the timing of the virtual reference cell. 



35 



9. A mobile communications device as claimed ii 
claim 8, wherein the uplink transmission frame timing 



wo 03/081931 




PCT/EP03/03057 



13 



is defined to be a fixed time after the virtual 
reference cell timing; 

10 . A mobile communications device as claimed in 
5 claim 8, for use in UMTS, wherein the uplink 

transmission frame timing is defined to be To (=1/024 
chips) after the virtual reference cell timing. 

11. A mobile communications device as claimed in 
10 claim 8, wherein the virtual reference cell timing is 

defined with reference to the active cell which first 
joined the active set. 

12. A mobile communications device as claimed in 
claim 8, wherein the virtual reference cell timing is 
defined with reference to the active cell whose 
downlink transmission timing most closely corresponds 
to the downlink transmission timing of the previous 
reference cell. 

13 . A mobile commxini cat ions device as claimed 
in claim 8, wherein the virtual reference cell timing 
is defined with reference to the active cell from which 
the strongest signal is being received. 

14. A mobile communications device as claimed in 
claim 8, wherein the virtual reference cell timing is 
defined with reference to the average timing of all of 
the cells in the active set. 
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